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We, Tung-Sol Electric Inc., 1 Summer 
Avenue, Newark, New Jersey, United States 
of America, a corporation organised and 
existing under the laws of the State of Dela- 
ware, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement :~ 

This invention relates to condition res- 
ponsive circuits which are sensitive to small 
changes in capacity. The invention has par- 
ticular reference to a circuit which is con- 
trolled by the capacity of the body. Touch- 
ing a conductive electrode produces circuit 
changes and thereby applies an output volt- 
age to a load circuit. 

Many forms of capacity controlled cir- 
cuits have been developed and used. Many 
of these depend upon high frequency genera- 
tors using special vacuum tube triodes. 
Other circuits require expensive high fre- 
quency transmission lines and other high 
frequency components which are difficult to 
adjust and maintain. The present inven- 
tion does not use vacuum tubes and em- 
ploys a relaxation oscillator. The oscilla- 
tor generates two normally balanced out- 
put signals which are applied to an operat- 
ing circuit having special features. 

One of the objects of this invention is to 
provide an improved condition responsive 
circuit which avoids one or more of the 
disadvantages and limitations of prior art 
arrangements. 

According to the present invention, there 
is provided a condition responsive circuit 
comprising: a source of alternating current 
power; an oscillator coupled to said power 
source and comprising a plurality of resis- 
tors, at least one capacitor, and a voltage 
breakdown element, said oscillatolr being 
[Pr!ce4s.6d.] 



operative to generate pulses of similar wave 
form and opposite polarity; a normally non- 
conductive switching element including a 
control electrode; circuit means for apply- 
ing the sum of said pulses to said control 
electrode of said switching element, said 
switching element being rendered conduc- 
tive when the sum of said pulses exceeds a 
predetermined voltage level; an electrode 
coupled to said oscillator for varying the 
relative magnitudes of said pulses when the 
capacitance of the electrode is altered; a 
relay including a winding, an armature, and 
two pairs of contacts, the said winding being 
connected to the source of power and nor- 
mally carrying current, and also being 
coupled to the output of the switching ele- 
ment for de-energising the relay when 
the switching element is conductive; 
circuit means operative when the 
switching element ds conductive to sup- 
press oscillation of the oscillator; means 
for maintaining the switching element 
conductive for a predetermined period 
after oscillations of the oscillator are sup- 
pressed; and a load circuit connected to the 
source of power in series with one of the 
pairs of contacts for energisation when the 
semiconductor element is conductive. 

For a better understanding of the present 
invention some embodiments of the inven- 
tion will now be described with reference 
to the accompanying drawing in which; 

Figure 1 is a schematic diagram of con- 
nections showing one form of the inven- 
tion. 

Figure 2 is a schematic diagram similar 
to Figure 1 but showing another form of the 
invention. 

Figure 1 shows a circuit which includes 
a neon lamp 10, including two conductive 
electrodes and a gas at a reduced pressure 
within a sealed envelope. One of the lamp 
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electrodes is connected to a series capacitor 
11 and an antenna 12 which in this case may 
be an electrode placed in a convenient posi- 
tion where it may be touched by a portion 

5 of the body of an individual. The other 
terminal of lamp 10 is connected to a mov- 
able contact 13 which may be moved along 
a resistor 14. A portion of this resistor is 
connected in series with another resistor 15 

10 and a second capacitor 16, these elements 
being bridged across the lamp electrodes. 

The junction of capacitor 16 and lamp 
10 is connected to a series circuit which 
includes a resistor 17, relay contacts 18, 

15 conductor 20, an earth connection 21, and 
one terminal 22 of an alternating current 
power supply. Conductor 20 is also con- 
nected to the emitter electrode of a first 
transistor 23 and to one end of a winding 

20 24 which forms part of a relay 25. lne 
other electrode in lamp 10 is connected 
through contact 13, the lower portion of 
resistor 14, a series resistor 26 conductor 
27, to the other terminal 28 of the alternat- 

25 ing current power supply. Conductor 27 
is connected to one terminal of a motor 
which in this case is the load. Conductor 
27 is also connected through a resistor 31 
to the emitter of a second transistor 32. 

30 The emitter of the second transistor 32 is 
connected in series with a diode 33 and a 
conductor 34 to the other end of winding 
24 The relay contacts also include a second 
pair of normally open contacts 35, , one side 

35 of which is connected to the motor 30^ When 
the relay is de-energised, the motor is con- 
nected to terminals 22, 28 for energisation 
by the power supply. 
Transistors 23 and 32 are mtercpnnected 

40 to form a combination which is similar to 
a four zone p~n—p—n semiconductor or 
to a silicon controlled rectifier. The collec- 
tor of p-n— P transistor 23 is connected to 
the baseof n-^-n transistor 32 while the 

45 collector of transistor 32 is connected to 
the base of transistor 23. This intercon- 
nection means provides an operating charac- 
teristic similar to a thyratron as will be evi- 
dent when the operation is discussed. A 

50 capacitor 38 is connected across winding 24 
. of relay 25 in order to maintain the relay 
energised during the positive half cycle of 
the Voltage wave. The. normal operating 
potential which maintains .the transistor 

55 combination non-conductive . is w?Pj» g 
a diode 40 connected m series with a ^resis- 
tor 41 This combination is coupled to tne 
power supply terminals 22, 28 through the 
rnoTor 30 P and a high resistor 29 and charges 

60 a capacitor 42 to a direct current potential. 
One side of this capacitor « .connected to 
earth and the emitter of transistor 23 wtole 
the other side of capacitor 42 ^ connected 
throueh resistors 39 and 43 to the base of 

65 transistor 23, thereby giving it a positive 



bias to retain the transistor normally non- 
conductive. , . 

The operation of this circuit is as follows : 

As soon as the power supply is connected 
to terminals 22 and 28, current flows dur- 70 
ing the negative half cycle of the voltage 
wave through winding 24 to energise the 
relay and close contacts 18. The circuit 
for this actuation may be traced from ter- 
minal 22, over conductor 20, through wind- 75 
ing 24, over conductor 34, through diode 33, 
resistor 31, over conductor 27, and back to 
the other power terminal 28. This current 
also charges capacitor 38 the discharge of 
which through winding 24 maintains the oU 
relay energised during the positive half cycle 
of the voltage wave. During the positive 
half cycle of the voltage wave capacitor 42 
is charged through diode 40, resistor 29, and 
the winding of motor 30. 85 

As soon as contacts 18 are closed, voltage 
is applied to the oscillating circuit which 
includes the lamp 10, the chargeable capa- 
citor 16, and resistors 14, 15 and 26 The 
lower end of resistor 26 is connected directly *u 
to terminal 28 by conductor 27 while the 
upper end of resistor 17 is connected through 
normally closed contacts 18, conductor 20, 
and earth connection 21 to the other ter- 
minal 22. This arrangement is a relaxation 95 
oscillator and the values of the capacitor 
and resistors are such that the frequency of 
oscillation is within the range of 2,000 to 
4.000 cycles per second. Capacitor 16 first 
charges to a potential which is equal to the 100 
firing potential of the lamp. During tins 
time capacitor 44 also charges. Then, when 
the lamp is lighted and takes current, the 
voltage is reduced to the lamp operating 
value during which time capacitors 16 and lie 
44 discharge. At this time the voltage 
across the lamp is not sufficient to maintain 
it in a lighted condition so that the lamp 
goes out and the cycle starts again. It 
should be noted that this type of oscillator 110 
works equally well with a positive or nega- 
tive voltage applied to its terminals and 
therefore it operates on both parts of the 
alternating wave. . t , e 

The output of this oscillator is applied 115 
through a series capacitor 44 to the base of 
transistor 23 (also to the collector of tran- 
sistor 32). A second output connection can 
be traced from the upper end of resistor 17, 
through contacts 18 to the emitter of tran- 12U 
sistor 23 Under normal oscillating condi- 
tions contact 13 on resistor 14 is adjusted 
so that the alternating current voltage sup- 
plied between the base of transistor 23 and 
contact 13 is equal and opposite to the volt- 125 
age across resistor 17. For this reason, the 
two output voltages cancel each other and 
there is no potential applied across the base- 
emitter electrodes of transistor 23. 
Now let it be assumed that the capacity 130 
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of antenna 12 h increased considerably. 
This may occur when a portion of the body 
comes in contact with the antenna 12. This 
increases the magnitude of the pulses im- 
5 pressed through capacitor 44 and during the 
negative half cycle applies a negative poten- 
tial to the base of transistor 23 sufficient to 
overcome the bias voltage. Transistor 23 
thereupon conducts during each negative 

10 half cycle of the AC power supply. Cur- 
rent then flows from the emitter to the col- 
lector of transistor 23 and over conductor 
36 to the base of transistor 32, making it 
conductive also. This action applies a nega- 

15 tive voltage to the collector of transistor 32 
which is transmitted over conductor 37 to 
the base of transistor 23, thereby maintain- 
ing it in a conductive condition for the 
duration of the half cycle. It should be 

20 noted that this conductive condition of the 
two transistors will be maintained during 
the half cycle period even through the capa- 
city of antenna 12 is returned to its normal 
value. 

25 When the negative current pulses flow 
through the two transistors, relay 25 is nor- 
malised by the shunting action of the tran- 
sistor combination, contacts 18 are opened, 
and contacts 35 are closed. The oscillator 

30 circuit is opened at contacts 18. Motor 30 
is now started since contacts 35 are con- 
nected between one of the motor terminals 
and terminal 22 of the power supply. The 
other motor terminal is permanently con- 

35 nected to power terminal 28. When the 
combination transistor circuit 23, 32 is con- 
ductive, current is shunted past the coil 24 
during the time terminal 28 is negative with 
respect to earth. When terminal 28 is posi- 

40 tive with respect to earth, current to die 
relay coil 24 is blocked by diode 33. 

During the rime the oscillator circuit ap- 
plies a series of negative pulses to the base 
of transistor 23, both transistors conduct 

45 and capacitor 42 is partly discharged through 
resistors 39 and 39A. When the relaxation 
oscillator stops oscillating, the base of tran- 
sistor 23 remains at its conductive poten- 
tial until capacitor 42 is charged again. By 

50 the proper selection of values for resistors 
39 and 39A, and capacitor 42, a desired 
delay action (such as 5 seconds) may be 
obtained and the motor 30 kept running for 
this period. When the capacitor 42 is again 

55 charged, the potential of the base of tran- 
si c tor 23 is raised to its normal cut-off value 
and the shunt around the relay winding is 
removed. When current again flows through 
the winding 24 and contacts 18 are closed, 

€0 the motor is cut off, the oscillating circuit 
which includes lamp 10 and capacitor 16 is 
supplied with power, and the operating cycle 
is complete^ 
The circuit shown in Figure 2 is similar 

65 to the circuit of Figure 1 since it has an 



oscillating circuit including a lamp 10, a 
semiconductor switching device 45 (equi- 
valent to combination 23,32), a relay 25 
having an armature normally actuated, and 
a motor 30. The oscillating circuit includes 70 
a neon lamp 10, a series chargeable capa^ 
citor 48, and series resistors 53 and 55. 
Antenna 12 is coupled to the oscillator cir- 
cuit through the small capacitor 11. 

Alternating current power for operating 75 
the circuit is applied to terminals 22 (earth) 
and 28. Terminal 28 is connected to the 
common contact of relay 25 and to a resis- 
tor 50 which is shunted when contacts 18 
are closed as shown in the drawing. The 80 
power supply terminal 28 is also connected 
to a series circuit which includes resistor 50, 
conductor 51, a first diode 52, resistor 53, 
a capacitor 54, and the other power terminal 
22. Power for the oscillating circuit is fed 85 
through resistor 55 to the junction of lamp 
10 and a capacitor 46. 

The semiconductor switching component 
45 is similar to the double transistor ar- 
rangement 23, 32 shown in Figure 1. It 90 
has the same characteristics as the transistor 
circuit. The component 45 has four layers 
and three lead-in conductors. It is norm- 
ally biased for non-conduction by a bias 
circuit which includes a diode 40 l and a 95 
capacitor 42 l . The alternating voltage ap- 
plied to diode 40 1 over conductor 51 
charges capacitor 42 1 and a positive bias is 
applied to the base of the semiconductor 
switch 45 through resistor 56 maintaining 100 
the switch normally non-conductive. 

As before, two alternating current outputs 
are derived from the oscillator circuit. These 
outputs are applied to a summation cir- 
cuit which includes a small capacitor 57 105 
and resistors 58 and 47. The values of 
these components is selected so that, under 
normal conditions, no voltage is applied 
from the oscillator circuit across the base 
and emitter of switch 45. 110 

The output circuit of switch 45 is ap- 
piled to a rectifier circuit and the winding 
24 of relay 25. The rectifier circuit in- 
cludes two diodes 60 and 61 shunted by a 
capacitor 62. The output emitter of switch 115 
45 is also connected to power terminal 28 
in series with a limiting resistor 63 and a 
capacitor 64. 

The operation of this circuit is as fol- 
lows: 120 

When the power is first applied to ter- 
minals 22 and 28, during the negative half 
cycle of the voltage wave, current is sup- 
plied to winding 24 of relay 25 causing it 
to actuate its armature, open contacts 35, 125 
and close contacts IS. This operating cir- 
cuit may be traced from terminal 28, 
through capacitor 64, resistor 63, diode -60, 
and winding 24 to the other power terminal 
22 and earth. This current also charges 130 
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capacitor 62 which maintains the relay ener- 
gised during the positive half cycle of the 
voltage wave. During the positive half cycle 
of the voltage wave, current is supplied to 
5 the lamp 10 over a circuit which may be 
traced as follows : from terminal 28, through 
closed contacts 18, over conductor 51, 
through diode 52, resistors 53 and 55, 
through lamp 10, and resistor 65 to the 

10 other power terminal 22. During each 
positive half cycle of each voltage wave, 
the voltage across the lamp 10 approaches 
the breakdown potential, soon exceeding it 
and lighting the lamp. The current through 

15 the lamp charges capacitor 48, and, as the 
charge voltage rises, the current drops until 
it is less than the sustaining current of tne 
lamp. The lamp then goes out and capaci- 
tor 48 discharges through parallel resistor 

20 65 The discharge current through resistor 
65' continues until the voltage across the 
lamp 10 exceeds the breakdown potential of 
the lamp and the lamp again conducts. This 
action produces a positive sawtooth voltage 

25 wave at the junction of lamp 10 and con- 
denser 48 which is applied through capaci- 
tor 57 as a series of positive pulses to the 
base of switch 45 and a negative savrtooth 
voltage wave at the junction of lamp 10 witn 

30 resistor 55 which is applied through con- 
denser 46 and resistor 58 as a series of 
negative pulses to the base of switch 45. 
Capacitors 57 and 46 block the low fre- 
quency components of the voltage waves. 

35 Capacitor 48 is so adjusted that the signal 
applied to the base of switch 45 when the 
antenna 12 is not touched is a null output 
voltage. At the same time, current throu^ 
conductor 51 and through, diode 40 

40 charges capacitor 42 1 to a positive potential 
with respect to earth. This charge is ap- 
plied to the base of switch 45 and makes it 
non-conductive. 
When the antenna 12 is contacted by a 

45 portion of the body, its capacity is changed 
considerably and the magnitude ofthe posi- 
tive train of pulses is reduced.^ The nega- 
tive pulses applied through resistor 58 then 
drive the base of switch 45 negative causing 

50 it to conduct and thereby shunt current 
around the winding 24 during the negative 
half cycle of the voltage wave. Diode 61 
shunts the relay winding during the positive 
half cycle of the voltage wave. The arma- 

55 ture of the relay 25 then onens contacts 18 
and closes contacts 35. When contacts 18 
are opened the shunt circuit around resistor 
50 is opened and resistor 50 is thereby con- 
nected in series with the supply circuit to 

60 the lamp oscillator, reducing its applied 
voltage so that it cannot oscillate. When 
contacts 35 are closed, a circuit to the motor 
is completed and the motor is operated for 
a short time interval. m 

65 The semiconductor switch 45 is normally 



held in its non-conductive condition by the 
charge on capacitor 42\ When the switch 
is made conductive by the apphcation of 
negative pulses through resistor 58, contacts 
18 are opened, as described above, and re- 70 
sistor 50 is switched into the supply circuit 
The potential of the base of switch 45 is 
reduced and capacitor 42 is partly dis- 
charged through resistors 58 and 47. ine 
switch is retained in its conductive condition /5 
until capacitor 42 is again charged to its 
full potential through resistor 50 and diode 
40 1 . By the proper selection of circuit values 
the conduction period may range from one- . 
half a second to about twenty seconds. At w 
the end of the conduction period, current 
through winding 24 is again available, con- 
tacts 35 are opened, contacts 18 are closed, 
resistor 50 is shorted, and the operating 
cycle is complete. . 

Two embodiments of the invention have 
been described, one with an oscillator hav- 
ing a lamp and a capacitor connected m 
parallel. The other embodiment includes an 
oscillator having a lamp and a capacitor M 
connected in series. The circuit as shown 
in Figure 1 includes a double transistor ar- 
rangement while Figure 2 includes a single 
four zone semiconductor switch. There are 
other minor differences between the two ^ 
circuits but they both produce the same re- 
suit and are both actuated by the same 
means. The repetition rate of the oscillator 
pulses may be chosen within the range of 
two to four kilocycles. When this frequency 100 
is used, the oscillators do not affect radio 
or television reception to any material ex- 
tent. In the two embodiments of the inven- 
tion described, a neon tube acts as a voltage 
breakdown element. However, other devices 105 
having similar suitable current-voltage char- 
acteristics to a neon tube may be used, for 
example a suitable zener diode, but the 
circuit of the invention does not use vacuum 
tubes. 

WHAT WE CLAIM IS:— . . 

1 A condition responsive circuit com- 
prising: a source of alternating current 
power; an oscillator coupled to said power 
source and comprising a plurality of resis- m 
tors, at least one capacitor, and a voltage 
breakdown element, said oscillator being 
operative to generate pulses of similar wave 
form and opposite polarity; a normally 
non-conductive semiconductor switching ele- 
ment including a control electrode; circuit 
means for applying the sum of said pulses 
to said control electrode of said switching 
element, said switching element . being ren- 
dered conductive when the difference in 125 
amplitude of said pulses exceeds a predeter- 
mined voltage level; an electrode coupled to 
said oscillator for varying the relative mag- 
nitudes of said pulses when the capacitance 
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of the electrode is altered; a relay including 
a winding, an armature, and two pairs of 
contacts, the said winding being connected 
to the source of power and normally carry- 

5 ing current, and also being coupled to the 
output of the switching element for de-ener- 
gising the relay when the switching element 
is conductive; circuit means operative when 
the switching element is conductive to sup- 

10 press oscillation of the oscillator; means for 
maintaining the switching element conduc- 
tive for a predetermined period after oscil- 
lations of the oscillator are suppressed; and 
a load circuit connected to the source of 

15 power in series with one of the pairs of 
contacts for energisation when the semicon- 
ductor element is conductive. 

2. A circuit as claimed in claim 1 
wherein the voltage breakdown element is a 

20 lamp including two electrodes in an envel- 
ope filled with gas at a reduced pressure. 

3. A circuit as claimed in eitner preced- 
ing claim wherein the output signals are 
trains of unidirectional electrical pulses. 

25 4. A circuit as claimed in any preced- 
ing claim wherein the voltage breakdown 
element is shunted by a capacitor and a 
resistor in series. 

5. A circuit as claimed in claim 1 
30 wherein the voltage breakdown element is 

connected in series with a capacitor and a 
resistor. 

6. A circuit as claimed in any preceding 



claim wherein the semiconductor switching 
element is a four layer, three terminal 35 
NPNP switch. 

7. A circuit as claimed in any one of 
claims 1 to 5 wherein the semiconductor 
switching element is a combination of an 
NPN transistor and a PNP transistor. 40 

8. A circuit as claimed in claim 7 
wherein the base of the PNP transistor is 
connected to the collector of the NPN tran- 
sistor and the base of the NPN transistor is 
connected to the collector of the PNP tran- 45 
sistor. 

9. A circuit as claimed in claim 1 
wherein said means for maintaining said 
switching element conductive for a prede- 
termined period after oscillations of said 50 
oscillator are suppressed comprises a capa- 
city which, when charged, applies a bias 
voltage to the control electrode of said 
switching device and which charges during 
said predetermined period 55 

10. A condition responsive circuit sub- 
stantially as described with reference to the 
accompanying drawing. 

EOONGTON AND FIFE, 
Chartered Patent Agents, 
High Holborn House, 
52—54 High Holborn, 
London, W.C1. 
Agents for the Applicants. 
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